A total of 100 tap and 100 well water samples were collected from six municipalities and the city center in Afyonkarahisar region from January 2003 to December 2003 and analyzed for some microbiological, chemical parameters and nitrate nitrite levels. While total (TCC) and fecal (thermotolerant) coliforms (FCC), Escherichia coli isolation procedure were determined using multiple-tube fermentation technique, sulphide reducing anaerobe bacteria (SPS), enterococci (EC), Pseudomonas spp. (Ps), coagulase positive staphylococci (CPS), micrococci/staphylococci (MS) and total viable count (TVC) were used by spread plating technique. As an isolation of Salmonella spp were used two enrichment steps. The pH and hardness values, calcium, nitrate, nitrite, ammonia and total organic substance of water samples were also determined. Hardness of tap and well water was found to be ≥32°F in 19% and 20%, respectively. Calcium concentration was found to be ≥100 mg/l in tap and well water samples as a range of 7% and 13%, respectively. pH was found to be ≥8 in 6% and in 7% of tap and well water samples, respectively. Ammonia did not detect in the samples. Nitrate concentrations, greater than accepted level for safe drinking-water of 45 mg/l (Turkish Drinking Water Regulation) were present in 48% and 78% in tap and well water samples, respectively. Nitrite was also found to be over of 38% in tap and 58% in well water samples, respectively, according to the regulations permitting (0.05 mg/l). As a result, 15% tap and 16% well water samples for TCC and FCC, 1% tap water for Salmonella spp., 47% well and 39% tap water for total organic substance, 48% tap and 78% well water samples for nitrate, 38% tap and 58% well water samples for nitrite were found to be high levels according to Turkish Food Codex. Salmonella spp. izolasyonu amacıyla iki aşamalı zenginleştirme işlemi uygulandı. Ayrıca, suların pH değeri, sertlik düzeyi, kalsiyum, nitrat, nitrit, amonyak ve total organik madde miktarı da saptandı. Çeşme ve kuyu suları örneklerinde sertlik sırasıyla %19 ve %20'sinde ≥32°F olarak belirlendi. Kalsiyum konsantrasyonu çeşme sularının sırasıyla %7'sinde ve kuyu sularının %13'ünde ≥100 mg/l olduğu bulundu. pH değeri çeşme ve kuyu suları örneklerinin sırasıyla %6 ve %7'sinde ≥8 olduğu belirlendi. Sularda amonyak saptanamadı. Nitrat konsantrasyonu içme ve kuyu sularında sırasıyla %48 ve %78 düzeylerinde içme sularında güvenlik için kabul edilen 45 mg/l'den (İçme Suyu Yönetmeliği) yüksekti. Nitrit ise içme sularında %38 ve kuyu sularında %58 oranlarında yönetmeliğin izin verdiği limitin (0,05 mg/l) üzerinde bulundu. Sonuç olarak, %15 çeşme ve %16 kuyu suyu örnekleri TCC ve FCC yönünden, %1 çeşme suyu Salmonella spp. yönünden, %47 kuyu ve %39 çeşme suyu örnekleri total organik madde yönünden, %48 çeşme ve %78 kuyu suyu örnekleri nitrat ve %38 çeşme ve %58 kuyu suyu örnekleri nitrit yönünden Türk Gıda Kodeksi'ne uygun olmadığı saptanıldı.
Introduction
Providing adequate amounts of drinking water of an acceptable quality is a basic necessity and ensuring the sustainable, long-term supply of such drinking water is a national and international. Due to the interactions between exposure to enteric pathogens via poor quality water, lack of sanitation and inadequate hygiene, data resolving the waterborne component is not generally available (22) . The World Health Organization estimates that about 1.1 billion people globally drink unsafe water and the vast majority of diarrhea disease in the world (88%) is attributable to unsafe water, sanitation and hygiene (30) . The most common form of disease from water-borne pathogens is gastrointestinal illness. However, related health outcomes are not restricted to diarrhea; they can include other illnesses such as reactive arthritis, meningitis, impairment of neurological development, and hemolytic-uremic syndrome (2) . According to Center of Diseases Control (CDC) (8), during 2001-2002, a total of 65 outbreaks associated with recreational water was reported by 23 states. Toxigenic E. coli serotypes and norovirus were the most commonly identified causes (25.0% each) of outbreaks associated with fresh water exposure (8).
Contamination of groundwater with nitrate is a global problem. The use of synthetic fertilizers is a necessary practice in the production of food and fiber to meet the growing needs of human and livestock consumption (19) . However, increasing use of nitrogenbased fertilizers has raised concerns over the possible nitrate contamination of drinking water supplies within Turkey and international agricultures areas. The nitrate concentration in surface water is normally low (0-18 mg/l) but can reach high levels as a result of agriculture runoff, refuse dump runoff, or contamination with human or animal wastes (17) . Human adverse health effects are actually associated primarily with nitrite; however, nitrate can be converted to nitrite in the body (24) . The most well known are methemoglobinemia, gastric cancer, non-Hodgkin's lymphoma (15) , and it is implicated in the formation of the carcinogenic nitrosamides and nitrosamines (9) . The maximum allowable concentration of nitrate used for potable water varies considerable worldwide. For instance, allowable levels for nitrate in drinking water have been set at 11.3 mg/l NO 3 -N by European Union Council (11) , and at 10 mg/l NO 3 -N by the US Environmental Protection Agency (EPA) (27) . Nitrite is regulated at levels of 0.03 mg/l NO 2 -N and 1.0 mg/l NO 2 -N in the EU and US, respectively, while the US adds a combined standard of 10 mg/l (as nitrogen) for the sum of these two compounds (27) .
Public acceptability of the degree of hardness of water may vary considerably from one community to another, depending on local conditions. In particular, consumers are likely to notice changes in hardness. The taste threshold for the calcium ions is the range of 100-300 mg/l, depending on the associated anion, and the taste threshold for magnesium is lower than that for calcium. In some instances, consumers tolerate water hardness in excess of 500 mg/l. Depending on the interaction of other factors, such as pH and alkalinity, water with hardness above approximately 200 mg/l may cause scale deposition in the treatment. On heating, hard waters form deposits of calcium carbonate scale. Soft water, with a hardness of less than 100 mg/l, may, on the other hand, have a low buffering capacity and so be more corrosive for water pipes (30) . Although pH usually has no direct impact on consumers, it is one of the most important operational water quality parameters. Careful attention top pH control is necessary at all stages of water treatment to ensure satisfactory water clarification and disinfection.
We could not find any report on waterborne outbreaks or chemical quality in Afyonkarahisar province. Therefore, the aim of this study was to investigate some microbiological, chemical qualities and residual nitrate nitrite levels of tap and well water samples consumed in Afyonkarahisar province, Turkey.
Materials and Methods
A total of 100 tap and 100 well water samples were collected from six municipalities and the city center in Afyonkarahisar region from January 2003 to December 2003 as part of an epidemiological study and analyzed. Bacteriological analysis of the water samples were included enumeration of total viable count, total (TCC) and fecal (thermotolerant) coliforms (FCC), coagulase positive staphylococci, micrococci/staphylococi, Pseudomonas spp., E. coli, enterococci, sulphide reducing anaerobe bacteria and Salmonella spp. The pH and hardness values and calcium, nitrate, nitrite, ammonia concentrations and total organic substance of water samples were also determined.
Nitrate and nitrite: Nitrate and nitrite value of water samples were performed according to Stahr (25) . In summarize, the nitrates are reduced with hydrazine in the presence of copper at a pH of 10.2. The nitrite diazotizes sulfanilamide is coupled finally with N-(1-naphthyl)-ethylenediamine to form a red-colored complex. This color is quantities using a spectrophotometer at 520 nm.
Chemical analysis of water samples: Hardness, calcium, ammonia and total organic substance were performed according to Turkish Standard 266 (4) .
pH measurements: The pH of water samples was made using an electrode of pH meter (WTW, Inolab Level I, Germany).
Microbiological analysis of water samples: The following bacteriological enumeration procedures were performed on each of water samples. For this purpose, three different methods were used for the determination of bacteria. TCC, FCC and E. coli isolation procedure were determined using multiple-tube fermentation procedure as a Most Probable Number (MPN) technique estimate of bacterial population density 100 ml.
Salmonella spp., were determined using two enrichment steps. The above mentioned bacteria were used by spread plating technique and reported as colony forming units (cfu) per ml.
For this purpose, a 10 ml water sample was transferred to a sterile flask under aseptic conditions and inoculated to specific culture media (direct inoculation). Following, ten-fold serial dilutions for each sample were made in sterile peptone-salt water up to 10 -3 . Each of these dilutions was inoculated to specific culture media for isolation of total viable count (Standard Plate Count Agar, Oxoid CM463, Basingstoke UK) (5) (7) . Colonies on plates were manually counted and reported in base ten logarithms of colony forming units per ml of sample (Log 10 cfu/ml). These microorganisms were identified after isolated with Gram staining and related tests (oxidase test-Oxoid BR 64 for Pseudomonase identification, and coagulase test for coagulase positive staphylococci identification) (7) .
For the isolation of coagulase positive staphylococci, up to 5 typical colonies (black or grey colonies) grown on BP Agar were selected and, transferred to tubes contained Brain Heart Infusion Broth (BHI-Oxoid CM 225, UK). The tubes were incubated at 37ºC for 24 h. After the incubation, coagulase test were done (26) .
Multiple-Tube fermentation technique for members of the coliform bacteria: For this purpose, 3 fermentation tubes containing inverted Durham tubes at each of 1, 0.1, 0.01 ml samples were added contained 10 ml Lauryl Tryptose Broth (Oxoid, CM451, Basingstoke, UK) for pre-enrichment step. The tubes were incubated at 37°C for 24-48 h. After incubation, a loopful of the inoculum from the each tubes with turbidity and gase production was transferred to tube contained 10 ml Brilliant Green 2% Bile Broth (BGBB) (Oxoid CM31, Basingstoke, UK), inverted Durham tubes and incubated at 37°C for 24-48 h for selective enrichment step. After incubation, the tubes with turbidity and gase production were evaluated and calculated MPN table from the number of positive BGBB tubes (MPN/100 ml) and reported TCC (12).
Fecal coliform: A loopful of the inoculum from each BGBB tubes with turbidity and gase production was transferred to tube contained 10 ml EC Broth with MUG and inverted Durham tubes (Oxoid, CM0979, Basingstoke, UK) and tubes were incubated 44.5°C in water bath. Gas production with growth in an EC-MUG broth tubes were choiced and calculated MPN 
Results
The results of microbiological analyses of samples are given in Table 1 and 2. Salmonella spp. was detected in 1% tap water samples in summer season. CPS and SPS were not detected in all samples. EC and Ps were detected in 1% and 15% well water samples, respectively at level of 10 1 cfu/ml. For tap water, while EC was detected in <10 1 cfu/ml, Ps was detected in 10 2 cfu/ml.
MS was detected in 4% tap and 3% well water samples at level of 10 1 cfu/ml. It is found that 10% and %5 of the tap water samples were positive for TCC and FCC at levels of 0.30-110 MPN/100 ml, respectively. For well water, it is found that 15% of the samples were positive for TCC at levels of 0.30-9.30 MPN/100 ml. FCC was detected in only one sample (1%) at level of 0.36 MPN/100 ml. E. coli was not detected in all samples. Nitrate levels were found to be over of 48% and 78% in tap and well water samples, respectively according to Turkish Drinking Water Regulation (Table  3, 4) . Nitrite was also found to be over of 38% of tap and 58% of well water samples, respectively, according to the regulations permitting. The chemical analyses results in water samples are shown in Table 5 . 
Discussion and Conclusion
In the present study, Salmonella spp. was detected in tap water samples in summer season. In the same municipality, there was one waterborne outbreak caused Salmonella spp. in previous summer season. So, there is still a problem in tap water and there is a health risk for consumed for human at least in this region. The current limits set by the Turkish legislation according to (3) directive effectively require a zero presence of coliforms, fecal (thermotolerans) coliforms and E. coli in a 100 ml sample of drinking water. In this respect, a total of 15% of tap and 16% of well water samples were not suitable according to Turkish regulation for these parameters. Other study from Turkey, Hasde et al. (14) reported that they detected in 50% E. coli in well water, whereas, Salmonella and Shigella were not detected in well water samples (n=28). Reid et al. (23) reported that the quality of private water supplies within Aberdeenshire sampled (~1750 samples) between 1992 and 1998 was analyzed for the presence of TCC and FCC and, the individual failure rate was 41% and 30% for TCC and FCC, respectively.
It is known that the significantly positive relationship found between the FCC indicator and the average seasonal rainfall amounts is consistent with the microbiological quality deterioration in response to rainfall (16) . It was supported by Giannoulis et al. (13) study. They reported that, the seasonal variation of FCC (cfu/100 ml) between 1996 and 1999, and they concluded that there was greater consistency among failures of FCC indicators standards during autumn and winter than during spring and summer. This variability was partially explained by changes in hydrological condition.
The total viable count provides an approximately enumeration of total numbers of viable bacteria that may be yield useful information about water quality and may provide supporting data on the significance of coliform test results. The present study, TVC was detected in 6% of tap and 10% well water samples at levels of >10 3 cfu/ml. In addition to FCC, generally, the total viable count is also valuable for checking quality of finished water in a distribution system as an indicator of microbial regrowth procedures for the isolation of certain pathogenic bacteria and protozoa are presented.
Public acceptability of the degree of hardness of water may vary considerably from one community to another, depending on local conditions. In the present study, hardness of tap water was found to be ≥32°F in 19%. Calcium concentration was found to be ≥100 mg/l in 6% and in 1 (1%) sample was at level of ≥200 mg/l. For well water, hardness was found to be ≥32°F in 20% and calcium concentration was found to be ≥100 mg/l in 12% and only one sample was found to be ≥180 mg/l.
In the present study, pH value was found to be ≥8 in 6 and in 7 of tap and well water samples, respectively. The optimum pH required will vary in different supplies according to the composition of the water and the nature of the construction materials used in the distribution system, but it is usually in the range from 6.5 to 8. Although pH usually has no direct impact on consumers, it is one of the most important operational water quality parameters. Careful attention top pH control is necessary at all stages of water treatment to ensure satisfactory water clarification and disinfection. For effective disinfection with chlorine, the pH should preferable be less than 8; however, lower pH water is likely to be corrosive. The pH of the water entering the distribution system must be controlled to minimize the corrosion of water mains and pipes in household water systems. Alkalinity and calcium management also contribute to the stability of water and control its aggressiveness top pipe and appliance. Failure to minimize corrosion can result in the contamination of drinking water and in adverse effects on its taste and appearance (30) .
In this study, although total organic substance was detected in 47% well and 39% tap water, ammonia did not detect in any of samples analyzed. The reason may be explained by its oxidation to nitrate and nitrite (28) .
In most countries, nitrate levels in drinking-water derived from surface water do not exceed 10 mg/l (10). McLay et al. (18) reported that nine percent of sites surveyed had groundwater NO 3 -N concentrations exceeding maximum allowable concentrations of 11.3 ppm recommended by the World Health Organization for potable drinking water. Over half (56%) of the sites had concentrations that exceeded 3 ppm, indicating effects of human activities on the groundwater. Babiker et al. (6) reported that 90% of water samples showed nitrate concentrations above (3 mg/l NO 3 -) the human affected value, while more than 30% have exceeded the maximum acceptable level (44 mg/l NO 3 -) according to Japan regulations. Oren et al. (20) showed that intensive irrigation and fertilization in the arid environment of Arava Valley significantly affects the quantity and quality of groundwater recharge. Low irrigation efficiency of about 50% contributes approximately 3.5-4 million m 3 years to the hydrological system. During the research period, the natural recharge from floods was found to be negligible in relative to irrigation water. The nitrate concentrations in a local shallow groundwater lens range between 100 and 300 mg/l and in the upper subaquifer are over 50 mg/l. A major source of nitrate is fertilizer N in the excess irrigation water. Reid et al. (23) reported that, the quality of private water supplies within Aberdeenshire sampled between 1992 and 1998, the individual failure rate was 15% for nitrate.
The nitrate and nitrite contents of drinking and well water are also reported in several parts of the Turkey (21, 31, 32) . For instance, 20% of analyzed drinking water samples contained 50-100 ppm nitrate, 7.5% of samples was over 100 ppm nitrate in Bursa province reported (32) . Özdemir et al. (21) reported that the nitrate levels in well water was 10.37-874.08 ppm, nitrite levels was 0-4.83 ppm, in Afyon. As a result of these studies, nitrate and nitrite levels of tap and well water samples were high like this study results. Generally, excessive amount of nitrate and nitrite in water is likely to be due to a combination of local and regional scale factors. It can be explained by (i) heavy rainfall during winter (ii) the sandy nature of the major soil of area (ii) shallow, polluted groundwater in many agriculture fields, and (iv) poor agricultural management, such as poor irrigation models and lack of good decision-making regarding the precise date of nitrogen fertilizer input and its quantity (23) .
In conclusion, the indicator organisms of choice for fecal pollution should be E. coli. Thermotolerant coliforms can be used as an alternative to the test for E. coli in many circumstances. Pathogens more resistant to conventional environmental conditions or treatment technologies may be present in treated drinking-water in the absence of E. coli. Therefore verification may require analysis of a range of organisms, such as intestinal enterococci, Clostridium perfringens and bacteriophages. In addition, the total viable bacteria may be yield useful information about water quality and may provide supporting data on the significance of coliform test results. Another result from the present study clearly shows that nitrate and nitrite levels are elevated above health-based standards. The importance of a safe and reliable source of drinking water is beyond question.
